Objective: To examine outcomes for thrombectomy devices used for treatment of acute ischemic stroke (AIS) with middle cerebral artery (MCA) M2 segment emergent large vessel occlusion (ELVO) as the optimal device for such reperfusion is not clearly defined. Methods: A retrospective cohort study of consecutive AIS patients with MCA M2 ELVO undergoing thrombectomy from 3 academic medical centers was conducted from October 1999 through June 2016. The patients were divided based on the device utilized. Multivariate analysis of associations between devices (stent retriever or aspiration only [manual or pump aspiration system]) was performed. Primary outcomes were good recanalization (i.e., modified thrombolysis in cerebral infarction score ≥2b) and a favorable modified Rankin scale (mRS) score (i.e. ≤2). The secondary outcome was symptomatic intracerebral hemorrhage (sICH). Results: A total of 197 AIS patients underwent MCA M2 ELVO thrombectomy with either a stent retriever (n = 120) or aspiration only (n = 77). The aspiration-only group utilized either manual (n = 38) or pump aspiration (n = 39). Utilization of a stent retriever over manual aspiration is independently associated with higher odds of a favorable mRS score (OR = 3.2; 95% CI 1.02-9.7) and lower odds of sICH (OR = 0.09; 95% CI 0.03-0.31). Utilization of a stent retriever over a pump aspiration system is independently associated with higher odds of good recanalization (OR = 3.8; 95% CI 1.5-9.6). Utilization of a newer-generation pump aspiration catheter compared to a stent retriever resulted in similar rates of favorable mRS scores, sICH, successful recanalization, and mortality. Conclusion: Utilization of a newer-generation pump aspiration catheter compared to a stent retriever resulted in similar outcomes, but worse outcomes were seen with the manual aspiration technique. These findings need to be confirmed with a large randomized trial utilizing stent retrievers and newer-generation pump aspiration systems.
Introduction
Recent randomized endovascular stroke treatment trials have demonstrated that mechanical thrombectomy with a stent retriever can improve functional outcomes in anterior circulation acute ischemic stroke (AIS) due to emergent large vessel occlusion (ELVO) of the intracranial internal carotid artery (ICA) and the middle cerebral artery (MCA) M1 segment [1] . The most recent American Heart Association guidelines from 2015 regarding endovascular AIS treatment recommend the use of stent retriever devices for ELVO thrombectomy of the M1 segment within 6 h of stroke onset [2] . However, such data regarding AIS due to MCA M2 segment ELVO are limited. Post hoc analysis of the STAR, SWIFT, and SWIFT-PRIME trials found thrombectomy in MCA M2 occlusion to be feasible in achieving successful reperfusion [3] . A recently published multicenter retrospective study found that thrombectomy in ELVO of the M2 segment led to a high probability of successful reperfusion which resulted in significantly improved rates of good outcomes as compared to medical therapy [4] . At present, neurointerventionalists utilize multiple techniques for ELVO thrombectomy of the M2 segment, especially stent retrievers or aspiration either manually or with a pump aspiration device. However, the most optimal technique and/or device for such reperfusion is not clearly defined. We aim to compare the outcomes for the techniques and devices used for thrombectomy of AIS patients due to MCA M2 ELVO.
Methods
This analysis is a retrospective cohort study of consecutive AIS patients with anterior circulation ELVO undergoing thrombectomy from 3 large volume tertiary care academic medical centers. This study received approval from the institutional review boards of each institution. The inclusion criteria include patients with ELVO of the MCA M2 segment without the involvement of other segments proximal to the occlusion site as confirmed by cerebral catheter angiography.
Patient demographics, including age at diagnosis, gender, medical comorbidities (hypertension, diabetes mellitus, hyperlipidemia, coronary artery disease, and atrial fibrillation), and smoking history were obtained from the prospectively collected institutional stroke databases. Baseline National Institute of Health Stroke Scale (NIHSS) scores were obtained from the same data sources. We also recorded the last known well-togroin puncture time as well as the type of thrombectomy device utilized.
The outcomes measured were: successful angiographic reperfusion, defined by a modified thrombolysis in cerebral infarction (mTICI) score ≥2b; the rate of symptomatic intracerebral hemorrhage (sICH), defined by parenchymal hematoma with worsening NIHSS score (≥4 points) as per the ECASS-II study definition [5] ; a favorable modified Rankin scale (mRS) score ≤2 at 90 days from stroke onset; and mortality. In our study, the mRS score at 90 days recorded in the database was derived from patient follow-up visit documentation closest to 90 days after stroke onset or a telephone follow-up visit.
Outcomes were compared between the stent retriever group and the aspiration-only group. The stent retriever group consisted of patients who received treatment with a stent retriever alone or in combination with aspiration devices. The aspiration-only group consisted of patients who received treatment with either www.karger.com/ine © 2019 S. Karger AG, Basel DOI: 10.1159/000500198 a pump aspiration system or manual aspiration. The manual aspiration technique utilized was described by Jankowitz et al. [6] . Subgroup analysis of stent retriever versus pump aspiration and manual aspiration was also performed. In addition, analysis of stent retriever versus newer-generation pump aspiration devices, including the Penumbra system ACE or MAX series (Penumbra, Alameda, CA, USA) was performed.
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS, version 24; IBM Corporation, Armonk, NY, USA). Student's t test, The Mann-Whitney test, and the Χ 2 test were used as appropriate for univariate analysis. Multivariate logistic regression analyses were performed to evaluate the predictors of each primary outcome and safety end points. Variables with p < 0.1 from the univariate logistic regression analysis were included in the multivariate logistic regression analysis. p < 0.05 was considered statistically significant.
Results
From October 1999 through June 2016, a total of 4,478 AIS patients underwent mechanical thrombectomy; 272 AIS patients underwent thrombectomy for MCA M2 ELVO at our 3 academic medical centers, and 197 AIS patients underwent thrombectomy with a stent retriever (n = 120) or aspiration only (manual or pump aspiration system) (n = 77) and were included in this study. The aspiration-only group utilized either manual aspiration (n = 38) or a pump aspiration system (n = 39). The catheters utilized with manual aspiration include Penumbra 4MAX (Penumbra) in 31.6% of the cases, Penumbra 5MAX (Penumbra) in 2.6% of the cases, DAC (Concentric Medical, Mountain View, CA, USA) in 21.1% of the cases, and Navien (Covidien Vascular Therapies, Mansfield, MA, USA) in 28.9% of the cases. The type of device was not documented in 15.8% of the cases. Table 1 shows the baseline characteristics. There was no significant difference in baseline characteristics between the stent retriever group and the aspiration group.
The outcome univariate analysis of patients with M2 vessel occlusion in the stent retriever group compared to the aspiration group is presented in Table 2 . Between the stent-retriever group and the aspiration group (both the manual and the pump aspiration groups), there was a significant difference in the rate of good recanalization (90 vs. 77.3%; p < 0.016) and the rate of sICH (3.4 vs. 16.7%; p = 0.001). There was no significant difference in favorable mRS between the stent retriever group and the aspiration group (52.1 vs. 36.7%, p = 0.06). In the analysis by aspiration technique, between the stent retriever group and the manual aspiration group there was a significant difference in the rate of favorable mRS (52.1 vs. 26.1%; p = 0.025), the rate of sICH (3.4 vs. 26.1%; p < 0.001), and the mortality rate (9.3 vs. 31.6%; p = 0.001). Between the stent retriever group and the pump aspiration system group, there was a significant difference in the rate of good recanalization (90 vs. 70.3%; p < 0.003) but there was no significant difference in the rate of favorable mRS (52.1 vs. 43.2%; p = 0.361).
The multivariate analysis for predictors of outcomes in mechanical thrombectomy for M2 vessel occlusion is shown in Table 3 . Utilization of a stent retriever over manual aspiration was independently associated with higher odds of a favorable mRS score (OR = 3.17; 95% CI 1.03-9.75) and lower odds of sICH (OR = 0.09; 95% CI 0.026-0.311) and mortality (OR = 0.228; 95% CI 0.085-0.613). Utilization of a stent retriever over a pump aspiration system was independently associated with higher odds of good recanalization (OR = 3.81; 95% CI 1.51-9.59). Age is also an independent predictor of a higher sICH rate, a higher mortality rate, and a lower rate of favorable mRS.
A separate analysis of outcomes by univariate and multivariate analysis of patients with M2 vessel occlusion in the stent retriever group compared to the newer-generation pump aspiration catheter group is presented in Table 4 . Utilization of a newer-generation pump aspiration catheter compared to a stent retriever resulted in similar rates of favorable mRS, sICH, successful recanalization, and mortality.
Discussion
Current evidence from recent randomized trials supports the utilization of a stent retriever for thrombectomy of anterior circulation ELVO, including ICA and M1 segment of MCA [1] . The efficacy of mechanical thrombectomy of the M2 portion of MCA ELVO is understudied and the optimal technique and/or device is not clearly defined. In this study we found that utilization of a stent retriever over a pump aspiration system is independently associated with a higher recanalization rate with no significant difference in favorable outcomes. However, in a subgroup analysis of newer-generation pump aspiration catheter versus stent retriever, there was no significant difference in outcomes, including rates of favorable mRS, successful recanalization, sICH, and mortality.
At present, the available data on thrombectomy of M2 ELVO from the pooled meta-analysis of randomized control thrombectomy trials do not have enough patients to show a significant improvement in outcomes [1] . However, a multicenter retrospective trial was performed that included a larger number of M2 ELVO patients, with 288 patients in the mechanical thrombectomy group and 234 patients in the medical management group. That study found that Values are presented as medians (range) or percents. a Dichotomized into manual aspiration and pump aspiration system. *Asterisks denote statistically significant values in relation to the specified p value in Methods. mechanical thrombectomy in ELVO of the M2 segment significantly improved the rate of good outcomes [4] . A single-institution study comparing pump aspiration thrombectomy and stentretriever thrombectomy did not show a significant difference in clinical outcomes or successful recanalization rates, which could be due to underpowering as a result of a small sample size [7] . With the aim of increasing the power, our collaborative from 3 tertiary care academic centers was able to show that utilization of a stent retriever over manual aspiration is independently associated with higher odds of a favorable mRS score. Utilization of a stent retriever Variables with p < 0.1 in the univariate analysis were included in the analysis. *Asterisks denote statistically significant values in relation to the specified p value in Methods. over a pump aspiration system is associated with higher odds of a good recanalization rate but we were unable to detect a significant difference in favorable outcomes (52.1 vs. 43.2%). As recently reported in the ASTER randomized clinical trial evaluating the efficacy of contact aspiration versus stent retriever in AIS and large vessel occlusion not limited to M2 ELVO, this study found the recanalization rate to be 83.1% in the stent retriever group and 85.4% in the contact aspiration group [8] . Even though in the ASTER trial M2 ELVO was not the only target lesion, the lower recanalization rate of pump aspiration system thrombectomy in our cohort compared to the ASTER trial may be due to our study including patients dating back to 1999 and utilization of an older-generation aspiration system. In our subgroup analysis of stent retriever versus newer-generation pump aspiration catheter, including the Penumbra system ACE or MAX series similar to the ASTER trial, we found similar rates of favorable mRS, sICH, successful recanalization, and mortality. The better outcome may be related to the newergeneration pump aspiration catheters designed to have better tracking technology and maneuverability and a larger catheter lumen diameter. High successful recanalization rates were seen with newer-generation pump aspiration catheters (86.4%) and stent retrievers (90%).
Regarding the sICH rate in our cohort, in the stent retriever group it was less (i.e., 3.4%) than in the manual aspiration group (i.e., 28.6%), but it was similar to the rate in the pump aspiration group (i.e., 5.4%). The ASTER trial found an sICH rate of 6.5% in the stent retriever group and 5.3% in the contact aspiration group, similar to our findings with M2 ELVO thrombectomy [8] . Therefore, based on the available data, thrombectomy of M2 ELVO with a stent retriever or a newer-generation pump aspiration catheter may be the optimal choice. This finding will need to be evaluated in a larger randomized trial. In our multicenter cohort, age was found to be an independent predictor of higher sICH rates, higher mortality rates, and a lower rate of favorable mRS scores in ELVO thrombectomy.
Currently, an increasing number of ELVO patients older than 80 years are receiving mechanical thrombectomy treatment as more safety data are being published. Based on our collaborative data, M2 thrombectomy with a stent retriever or a newer-generation pump aspiration catheter may also prove to be the optimal method compared to manual aspiration. This hypothesis will need to be confirmed in a future study of the elderly AIS thrombectomy population.
The limitations of this study include its retrospective design. The definition of M2 was not prespecified across the different centers. The patient sample dated back to 1999 and only in recent years did newer pump aspiration systems become available. Due to the long duration of the recruitment period, the increased experience of interventionalists in performing thrombectomies could also have affected the results. Other potential limitations from a long recruitment period may include changes in patient selection, thrombectomy techniques, and imaging parameters over time. We also did not utilize central review of angiographic recanalization. Also, the predictive performance of the multivariate analysis model may be overestimated by this analysis because the model has only been tested in the derivation population and not in an independent validation population. However, the strengths of our study include multi-center data, which allowed statistical power to evaluate the difference in outcomes between each thrombectomy technique. Our findings need to be confirmed in a larger, randomized, prospective study utilizing stent retrievers and newer generation pump aspiration systems, because the results would be a significant contribution to finding the optimal technique to treat AIS patients with MCA M2 ELVO.
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